Significant improvements have been made in hematopoetic stem cell transplantation (HSCT) during the last recent years. However, infections are still among the most frequent and relevant complications of autologous as well as allogeneic HSCT. [1] [2] [3] The prevention of infection includes several different actions such as anti-infectious prophylaxis, isolation of the patients in specialized units with laminar air flow ventilation and regular screening investigations prior to as well as during HSCT. [4] [5] [6] However, since the origin of infections during neutropenic fever (NF) often remains unclear, residual endogenous germs could be responsible for the majority of these episodes. Little is known about the role of the dental status prior to HSCT. Previous studies on the oral mucosa of transplant recipients observed a substitution of streptococcus species by coagulase-negative staphylococci and a high frequency of methicillin-resistant staphylococcus species. 7, 8 In myeloablative allogeneic HSCT recipients another study found a correlation of viridans streptococci and intraoral pathology with bacteremia. 9 Especially third molars (TM) are seen as potential risk factors for infections, if they are impacted or partially impacted with contact to the oral cavity. These teeth could be extracted prior to the procedure at least in some cases. In addition, insufficient root canal fillings (RCF) could provide a bacterial reservoir and facilitate infections in neutropenia. Thus, dental examination and interventions are advised and frequently performed prior to HSCT. To the contrary, dental interventions in immunocompromised patients may be complicated and delay definitive treatment. Therefore, we performed at our center a systematic survey of all patients receiving dental examinations for preparation of HSCT. Consecutive patients transplanted in our center in the years 2003 to 2006 were examined in the Department of Oral and Maxillofacial Surgery at the University Hospital Schleswig-Holstein, Kiel. In total, 132 patients were transplanted (one to three times, n = 163) and included in the survey. Allogeneic transplantations were performed in 83, autologous in 80 cases. The details of the patient characteristics and the stem cell transplantation are shown in Table 1 . All patients were treated in HEPA units, getting low-germ food and oral antiinfectious prophylaxis, and all patients had an intravenous central line, either a conventional central venous catheter (CVC) or a tunneled Hickman catheter. In the case of NF, defined as fever ⩾ 38.3°C orally with concomitant neutrophil count of fewer than 500/μL, blood examinations were performed for blood culture. Mucositis was assessed according to the NCI (National Cancer Institute) common toxicity criteria version 2.0 from grade 0 to grade 4. In case of clinically suspected pneumonia a chest X-ray was performed. The dental screening prior to transplantation included clinical examination and panoramic X-ray studies. This focused on oral pathologies, existence of TM and evaluation of RCF, caries, periodontitis and destructed teeth. RCF were defined as sufficient if clinical examination and X-ray evaluation showed no abnormalities. In addition, the X-ray scan was analyzed for signs of apical bone loss. Only cases, in which the dental findings were not revised by a dentist prior to HSCT, were counted for the survey. The most often observed finding was RCF in almost every other patient considered insufficient (45 of 86 cases). TM were found in 84 cases while the count and the development of eruption varied. Impacted TM were found in 23 patients, partially Abbreviations: AML = acute myeloblastic leukemia; ALL = acute lymphoblastic leukemia; AUL = acute undifferentiated leukemia; BEAM = BCNU, etoposide, cytarabine, melphalan; BM = bone marrow; BuCy = busulfan/cyclophosphamide; CML = chronic myelogenous leukemia; Flu = fludarabine; HD = Hodgkin's disease; MDS = myelodysplastic syndrome; MM = multiple myeloma; MPS = myeloproliferative syndrome; MR = matched related; MUR = matched unrelated; MMUR = mismatched unrelated; NHL = non-Hodgkin Lymphoma; PCD = plasma cell disorder; RIC = reduced intensity conditioning.
erupted in 21 cases and 60 transplant recipients had erupted wisdom teeth. Caries, periodontitis and destructed teeth at the time of transplantation were seen in 11 cases, while in 25 cases one to six teeth were extracted prior to HSCT. The phase of neutropenia lasted a median of 10 days for autologous and 12 days for allogeneic HSCT. NF occurred in 77.3% of transplantations, more frequent in allogeneic than in autologous HSCT (81.9 versus 72.5%, respectively), although the difference did not reach significance (P = 0.191). Bacteremia was observed in 39 cases (Staphylococcus spp. in 66.7%, Streptococcus spp. and Escherichia coli each in 10.6%, Corynebacterium spp. in 5.3% and Klebsiella pneumoniae in 2.6%). Although mucositis was generally more frequent in autologous than in allogeneic HSCT (73.7 versus 63.9%), higher grade mucositis (grade ⩾ 3) was more often seen in allogeneic HSCT (14.5 versus 3.8%). In autologous HSCT conventional CVC were predominantly used (95% of cases) while in allogeneic transplantation 40 patients had a Hickman catheter. The rate of catheter infection was only slightly higher in conventional than in Hickman catheters (25.2 versus 20.5%). Dental events were rare, only one patient suffered from pain not requiring any specific treatment. Radiological findings of pneumonia were seen in 15 patients. The overall mortality rate in the first 100 days after transplantation was low with 6% in allogeneic and 5% in autologous HSCT recipients. When the correlation of dental findings prior to transplantation with the occurrence of NF was analyzed in a bivariate fashion (exact Fisher test, 2-sided, significance means P o 0.05), the rate of NF was not increased in patients with RCF. The group with insufficient RCF was even found to have less frequent NF, although the difference was not significant (P = 0.087). Moreover, the rate of NF was comparable in patients with any TM and without wisdom teeth. There was also no increased risk of NF with an increasing count of TM. In addition, patients with impacted and erupted wisdom teeth had a lower or similar rate of NF compared to controls whereas in patients with partially erupted TM a slightly higher rate of NF was seen not achieving statistical significance. Interestingly, all eight patients with two or more partially erupted TM developed NF. In addition, no significant changes in the rate of NF in patients with caries, periodontitis, destructed teeth or apical bone loss were observed. Nevertheless, non-dental risk factors were clearly associated with an elevated risk of NF as putative infected CVC (92.3 versus 72.6% in patients without suspected CVC infection, P = 0.009), bacteremia (94.3 versus 71.8% in patients without bacteremia, P = 0.002) and younger age (85.2% if age ⩽ median versus 69.5%4median, P = 0.024). In addition, patients with high-grade mucositis showed a high rate of NF, although the difference compared to patients without mucositis ⩾ 3 achieved no statistical significance. As expected, in patients with longer duration of neutropenia a tendency to more frequent NF was observed with borderline significance (84.7 versus 71.4%, P = 0.059), whereas other factors had no impact on the rate NF. Bacteremia was significantly more frequent in patients with putative infected CVC (66.7 versus 10.4%, Po 0.0001), in patients with NF (29.4 versus 5.4% in patients without NF, P = 0.002), and in allogeneic compared to autologous transplant recipients (31.3 versus 16.3%, P = 0.028). However, no other dental or non-dental factor tested showed a significant impact on the rate of bacteremia. Interestingly, the rate of bacteremia was even lower in patients with insufficient RCF and destructed teeth compared to control. With the exception of a lower risk in patients without partially erupted TM compared to Multivariate analysis of the effect of dental and control factors on the rate of neutropenic fever and pneumonia. (a) In a multivariate analysis parameters were tested for their influence on neutropenic fever. The only factor with a significant impact on the rate of neutropenic fever was the suspicion of an infected central line whereas the dental findings prior to transplantation had no impact. (b) In a multivariate manner the rate of bacteremia was significantly higher in patients with putative infected central line, while no dental factor increased the risk of bacteremia. CI = confidence interval; CVC = central venous catheter; OR = odds ratio; RC = root canal; TM = third molar.
control (25 versus 7%, P = 0.022), no investigated dental or control factors correlated to the occurrence of pneumonia. The most interesting of the investigated parameters were tested in a multivariate manner in a logistic regression model for their influence on NF, bacteremia and pneumonia. The only factor with a significant impact on the rate of NF and bacteremia was the suspicion of an infected CVC whereas the dental findings prior to transplantation had no impact (Figure 1 ). The occurrence of pneumonia was not significantly associated with any factor in the multivariate analysis, in particular not with any dental finding (data not shown). That dental health had little impact is surprising, since careful dental evaluation prior to HSCT is standard of care and minimizing the risk of dental foci in HSCT was emphasized to improve the outcome. 10 A decision analysis based on PubMed and MEDLINE searches found that dental treatment prior to chemotherapy or hematopoietic stem cell transplantation is generally advised.
11
A single-center study oral-dental examination to be performed with a median of 15 days prior to HSCT reported often requiring scaling, plastic fillings and extractions. 12 However, previously a smaller study in Germany with 58 patients found no correlation between dental foci and infections, mucositis, and survival rate. 13 A Swedish study focused on partially erupted TM and observed no increased risk of systemic infections, but a higher rate of local complications.
14 However, during HSCT in our study only one patient complained of dental pain. Without doubt dental evaluation prior to HSCT is advisable. In addition, it has to be considered that oral health has an impact on quality of life of stem cell transplantation patients. 15 However, the data presented here indicate that the risk of dental intervention prior to HSCT should be balanced to the limited benefit. In our study extraction of teeth prior to transplantation was not found to be associated with a protective effect in regard to NF and infections. While dental evaluation prior to HSCT should be performed whenever feasible, dental interventions should be limited to overt infection or urgent clinical need.
